A simple and rapid one-pot protocol is described for the preparation of αand β-hydroxy sulfides. The direct solventfree microwave irradiation of diaryliodonium salts, potassium
Introduction
C-S coupling is an important tool in the organic chemist's toolbox especially when its application in organic, medicinal, and materials chemistry is kept in view. [1] β-and γ-Hydroxy sulfides are important organic intermediates that possess various applications; they have been used in the synthesis of biologically active compounds that show anticancer, anti-HIV, and 5-HT binding properties; [2] they have been used in the synthesis of crown ether ring-fused uridine analogs [3] and aryl vinyl sulfones; [4] they can be used as base protecting groups for thymidine analogs [5] and in the construction of natural products, [6] metallophthalocyanines, [7] organolithium complexes, [8] and α,β-unsaturated lactones. [9] The development of an efficient and simple protocol for the synthesis of hydroxy sulfides is therefore important. General routes for their preparation involve nucleophilic ring opening of epoxides. Reported methods include ring opening of epoxides with thiols catalyzed by alumina, [10] Lewis or Brønsted acids, [4, 11] polyethylene glycol (PEG) 4000, [12] zinc chloride, [13] DABCO or triethylamine, [14] and ionic liquids. [15] They are also prepared by the reaction of aryl bromides with thiols catalyzed by PEG-400 and nickel in the presence of base, [16] reaction of thiols with cyclic carbonates catalyzed by large-pore zeolites, [17] heating thiols with ethyl potassium xanthogenate in the presence of CuO, [18] and alkoxide-directed iodine-magnesium exchange at sp 3 centers. [19] Heating aryl thiocyanates with ethylene glycol in the presence of triphenylphosphane also affords 1 thiocyanate, and ethylene glycol/β-propylene glycol without any catalyst or base affords the final compounds in good yields (65-95 %) in around 10-25 min. hydroxy sulfides. [20] This protocol requires a stoichiometric amount of triphenylphosphane (1 equiv.) and generates triphenylphosphane oxide as a byproduct. However, a simple and sustainable method that avoids additional reagents such as triphenylphosphane and the isolation of aryl thiocyanate intermediates from inexpensive starting materials is therefore highly desirable. In our continued quest to explore the application of hypervalent iodine reagents [21] and keeping in view the uses associated with hydroxy sulfides, the synthesis of β-and γ-hydroxy sulfides by using readily available potassium thiocyanate and ethylene glycol/propylene glycol with diaryliodonium salts has been attempted. The idea of the intermediacy of this protocol for various applications from simple starting materials is represented in Scheme 1. Diaryliodonium salts are trivalent iodine compounds that belong to the class of hypervalent iodine reagents with two carbon ligands. They are nontoxic, thermally stable, and nonexplosive. These intermediates find applications in medicinal chemistry, organic chemistry, and photochemistry. [22] Recently, there has been a significant improvement
Results and Discussion
When diphenyliodonium triflate (1a), potassium thiocyanate, and ethylene glycol (2a) were allowed to react overnight at 120°C under a N 2 atmosphere, product 3a was obtained in high yield, along with the formation of iodobenzene as a byproduct (Scheme 2). In an attempt to expedite the reaction, the same components were irradiated under microwave (MW) conditions in the absence of any catalyst or reaction solvent to afford product 3a in 20 min at 100°C (CEM Discover microwave system). The reaction conditions were optimized for time and temperature (MW, 120°C, 10 min) to finally provide product 3a in 85 % isolated yield. The synthesis of compound 3a was also attempted by using diphenyliodonium salts with counterions such as triflate, tosylate, hexafluorophosphate, and bromide. The reaction afforded high yields of the product in all cases. However, the bromide counterion competed with thiocyanate as a nucleophile, which resulted in the formation of a small amount of phenyl bromide.
The protocol was subsequently extended to diaryliodonium salts 1b-e and β-propylene glycol (2b) to synthesize products 3b-j in good yields (Scheme 3, Table 1 ). However, the scope of the reaction is limited to diols. Primary alcohols, such as ethanol and methanol, failed to afford the desired products under similar conditions. Scheme 3. General route for the synthesis of hydroxy sulfides 3.
Triflate 1a was allowed to react with glycol 2b for 15 min to provide product 3f in 92 % yield. The reaction of triflate 1b with 2a and 2b yielded products 3b and 3g in 80 and 85 % yield, respectively, in 20 min. Similarly, tosylate 1d reacted efficiently with glycols 2a and 2b to afford products 3d and 3i in high yields (95 and 90 %, respectively). The relatively fast reaction of triflate 1c with 2a and 2b (reaction time: 10 min) also afforded products 3c and 3h in 82 and 80 % yield, respectively. Sterically bulky tosylate 1e, however, afforded products 3e and 3j in relatively moderate yields (75 and 65 %, respectively). The protocol was studied for the reaction of 1a with glycerol (Scheme 4). Diol 3k was obtained regioselectively along with diphenyl disulfide after only 20 min under MW heating. Similarly, when 1a was allowed to react with 1,3-butanediol under MW heating (Scheme 5), it regioselectively afforded 3m in 75 % yield along with small amounts of diphenyl sulfide and diphenyl disulfide. To study the course of this one-pot transformation, the reaction of 1a with potassium thiocyanate was carried out under MW irradiation in DMF to generate phenyl thiocyanate (4a) in situ. [22d] Addition of ethylene glycol to this intermediate and further heating resulted in the formation of product 3a in 75 % yield (Scheme 6). At this stage, the mechanism for the one-pot formation of hydroxy sulfides and the regioselective reaction with primary alcohols is not clearly understood. However, it is inferred from the above experiment that the reaction proceeds via the in situ formation of the aryl thiocyanate intermediate, followed by thionation of glycol (Scheme 6).
Conclusions
In conclusion, an efficient and facile multicomponent C-S cross-coupling protocol has been developed for the preparation of β-and γ-hydroxy sulfides under microwave irradiation conditions. The reaction of diaryliodonium salts, potassium thiocyanate, and 1,2-ethanediol/1,3-propanediol in the absence of any other catalyst or reaction solvent generates the desired products in high yields. This protocol assumes significance, as it avoids the isolation of intermediates and eliminates the need for additional reagents such as triphenylphosphane that generates triphenylphosphane oxide as a byproduct. The highlights of the protocol include readily available starting materials, short reaction times, and a simple workup.
Experimental Section
Representative Procedure for the Preparation of 2-(Phenylthio)ethanol: A tube containing diphenyliodonium triflate (1.0 mmol), potassium thiocyanate (2.0 mmol), and ethylene glycol (1 mL) was heated at 120°C for 20 min in a CEM Discover microwave system in the standard mode. Upon completion of the reaction, the mixture was diluted with water and extracted into ethyl acetate. The organic layer was dried with anhydrous sodium sulfate and evaporated under reduced pressure. The crude residue was purified by flash chromatography over silica gel column (20 % EtOAc/hexane) to afford the pure product in 85 % yield. 1 
